(4

FOR THE 21ST CENTURY

Just the Basics:

ENERGY o
EFFICIENCY AND
RENEWABLE ENERGY

OFFICE OF
TRANSPORTATION
TECHNOLOGIES

014

Today’s direct-injection diesel engines
are more rugged, powerful, durable,
and reliable than gasoline engines, and
use fuel much more efficiently, as well.

Diesel engines yesterday, today,
and tomorrow

Dieselsareworkhorseengines. That’ swhyyou find them powering
heavy-duty trucks, buses, tractors, and trains, not to mentionlarge
ships, bulldozers, cranes, and other constructionequipment. Inthe
past, dieselsfit the stereotype of muscle-boundbehemoths. They
weredirty and sluggish, smelly andloud. Thatimagedoesn’t apply
totoday’ sdiesel engines, however, andtomorrow’ sdiesel swill
show even greater improvements. They will beeven morefuel
efficient, moreflexiblein thefuelsthey canuse, and alsomuch
cleaner in emissions.

How diesel engines work
Likeagasolineengine, adiesel isaninternal combustion engine
that convertschemical energy infuel to mechanica energy that
moves pistons up and downinside enclosed spacescalled cylinders.
The pistons are connected to the engine’ scrankshaft, which
changestheir linear motioninto the rotary motion needed to propel
the vehicle' swheels. With both gasoline anddiesel engines,
energy isreleased in aseriesof small explosions(combustion) as
fuel reactschemically with oxygenfromtheair. Dieselsdiffer from
gasoline engines primarilyintheway theexplosionsoccur. Gaso-
line enginesstart theexpl osionswith sparksfromspark plugs,
whereasin diesel engines, fuel ignitesonitsown.

Air heatsup whenit’scompressed. Thisfact led Germanengineer
Rudolf Diesel to theorizethat fuel could be madetoignite sponta-
neoudly if theair inside an engine’ scylindersbecamehot enough
through compression. Achieving hightemperaturesmeant produc-
ing much greater air compressionthan occursin gasolineengines,
but Diesel saw that asaplus. Accordingto hiscalculations, high
compression should lead to high engineefficiency. Part of the
reason isthat compressing air concentratesfuel -burningoxygen.
A fuel that has high energy content per gallon, likediesel fuel,
should be ableto react with most of the concentrated oxygento
deliver more punch per explosion, if it wasinjectedintoanengine' s
cylinders at exactly theright time.

Technology Primer

Diesel’ scalculationswerecorrect. Asaresult, although diesel
engineshave seen vast improvements, the basic concept of the
four-strokediesel enginehasremained virtually unchanged forover
100years. Thefirst strokeinvolvesdrawingair into acylinder as
the piston creates spacefor it by moving away from theintake
valve. Thepiston’ ssubsequent upward swing thencompresses
theair, heating it at thesametime. Next, fuel isinjectedunderhigh
pressure asthe piston approachesthetop of itscompression stroke,
igniting spontaneously asit contactstheheatedair. Thehot
combustion gases expand, driving the piston downwardinwhat’s
called the power stroke. During itsreturnswing, thepiston pushes
spent gasesfrom the cylinder, and thecyclebeginsagainwithan
intakeof freshair.

Diesel Fuel Ignition
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In the modern direct-injection diesel engine, fuel combustion is
confined to a specially shaped region within the head of each piston.
There, diesel fuel ignites spontaneously, yet in a carefully
controlled manner. Old-style indirect-injection diesels were not
capable of this precision. As a result, fuel efficiency suffered and
emissions soared.

January 2002



For more information on how
DOE is helping America remain
competitive in the 21 century,
please contact:

Office of Transportation
Technologies

U.S. Department of Energy
1000 ndependence Avenue, SW
Washington, DC 20585

(202) 586-3388

How diesel engines have
improved

Older diesdl enginesmixedfuel andairinapre-
combustion chamber beforeinjectingitintoa
cylinder. The mixing andinjectionstepswere
controlled mechanically, whichmadeit very
difficulttotailor thefuel-air mixtureto changing
engine conditions. Thisledtoincompletefuel
combustion, particularly atlow speeds. Asa
result, fuel waswasted and tail pipe emissions
wererelatively high.

Today’ sdieselsinject fuel directly intoan
engine' s cylindersusingtiny computersto
deliver precisely theright amount of fuel the
instantitisneeded. All functionsinamodern
diesel enginearecontrolled by an electronic
control module that communicateswithan
elaborate array of sensors placed atstrategic
locationsthroughout the engineto monitor
everything from engine speed to coolant and oil
temperatures and evenpiston position. Tight
electronic control meansthat fuel burnsmore
thoroughly, delivering more power, greater fuel
economy, andfewer emissionsthanyesterday’s
diesel engines couldachieve.

Modern direct-injection diesel engines produce
low amounts of carbon dioxide, carbon monox-
ide, and unburned hydrocarbons. Emissionsof
reactivenitrogencompounds(commonly
spoken of asNOX) and particul ate matter (PM)
have been reduced by over 90 percent since
1980, aswell. Nevertheless, NOxand PM
emissionsremainat relatively highlevels. NOx
contributes to acid rainand smog, whileadverse
health effects have beenassociated with
exposuresto high PM amounts.

What improvements need
to be made?

Diesel enginesare already moreefficientthan
gasoline engines (45 percent versus30 percent),
and further advances are possible (to 55-63
percent). Widespreaduse of diesel engines,
particularly in trucks, vans, and sport utility
vehicles, therefore promisestosubstantially
reduce United States dependenceonforeign
petroleum products. Thestumbling block to
reaching thisgoa , however, remainsNOxand
PM emissions. Unfortunately, increasing diesel
efficiency doesnot necessarily makethese
emissionsgo away.

Threebasic strategies are being pursued tomeet
theU.S. Environmental ProtectionAgency’s
increasingly stringent emissionsstandards. The
first concerns research intothediesel combus-
tion processto better understand how soot
particlesand NOxgasesform. Thesecond
involves development of NOxand PM removal
technologiesto eliminateresidua emissionsin
much the same way that catalyticconverters
eradicate emissionsfrom gasolineengines.
Thethird research arearelatesto improving
diese fuels. TheU.S. Department of Energyis
working with engine manufacturers andfuel
supplierstodevelop diesel fuelsthat are
optimized for today’ sand tomorrow’ sadvanced
diesel engines. The new fuel formulationswill
enable both high fuel economy and very low
emissions.
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